Abstract The decline in basic and instrumental activities of daily living (BADLs and IADLs, respectively) is a well-established clinical hallmark of dementia. Growing evidence has shown that systemic subclinical inflammation may be related to functional impairment. We evaluated the possible association between lowgrade systemic inflammation and functional disability in older individuals affected by dementia. We explored the association between high-sensitivity C-reactive protein (hs-CRP) levels and BADLs/IADLs in older individuals affected by late onset Alzheimer's disease (LOAD; n 110), Bmixed^dementia (n 135), or mild cognitive impairment (MCI; n 258), and compared them with 75 normal Controls. Independent of age, gender, comorbidity, and other potential confounders, higher hs-CRP was significantly associated with poorer BADLs (loss ≥ 1 function) in people with LOAD (odds ratio [OR] 3.14, 95% confidence interval [CI], 1.33-7.33) and mixed dementia (OR 2.48, 95%CI 1.12-5.55), but not in those with MCI (OR 1.38, 95%CI 0.83-2.45) or Controls (OR 2.98,. No association emerged between hs-CRP and IADLs in any of the subgroup. Our data suggest that systemic low-grade inflammation may contribute to functional disability in older patients with dementia.
Introduction
Chronic low-grade inflammation is regarded as one of the most relevant features characterizing aging and related diseases. In particular, increased levels of inflammatory markers in periphery have been widely associated with dementia in a number of studies. Accordingly, we found higher plasma IL-1beta and TNF-alpha levels in older patients with late onset Alzheimer's disease (LOAD) or vascular dementia (VAD) compared to controls (Zuliani et al. 2007b ). This study, along with many others, suggests that, in LOAD and VAD, inflammatory processes do not merely take place in the brain but also at systemic level, and it may play a role in disease progression and cognitive decline (Tan et al. 2007; Holmes et al. 2009; Cervellati et al. 2016 ).
As cognitive deterioration progresses, patients with LOAD or VAD experience a gradual loss in functional performance. Accordingly, both instrumental (IADLs) and basic (BADLs) ADLs (i.e., two basic aspects of functional status in the elderly) are currently included as essential clinical markers to distinguish mild cognitive impairment (MCI) from full-blown dementia (Knopman et al. 2003; American Psychiatric Association 2013) .
It is known that a persistent low-grade systemic inflammation, even if subclinical, can affect physical and functional ability in older people (Kuo et al. 2006; Brinkley et al. 2009 ). Indeed, this condition, even when it is subclinical, has a number of consequences; for example, it leads to an accelerated protein catabolism and might negatively influence muscle strength (Cannon 1995; Kuo et al. 2006 ), which in turn relate to functional decline and disability (Kuo et al. 2006) . High-sensitive C-reactive protein (hs-CRP) is the marker of choice for the evaluation of systemic inflammation and the most assessed in clinical studies, including those exploring the association between disability and inflammatory processes.
Homocysteine is another marker that is often measured in clinical practice because of its well-established association with cardiovascular diseases (CVDs) and the risk of stroke and dementia (Maccioni et al. 2010; Cervellati et al. 2014; Ganguly and Alam 2015) . High peripheral levels of this thiol have been also found in association with poor physical performance in the general older population, independent of vitamins B 12 and folate (i.e., major determinants of homocysteine concentration) (Kado et al. 2002; van Schoor et al. 2012) . Various mechanisms have been hypothesized to explain the above-observed correlation. The most plausible hypothesis is based on the potential pro-oxidant and proinflammatory activity of homocysteine, that can alter muscle homeostasis Bby inhibiting repair after muscle tissue injury and by promoting muscle proteolysis^ (van Schoor et al. 2012) .
Regardless of the concept that a decline in functional performance is an intrinsic aspect of the clinical progression of dementia, the possible association of systemic inflammation and homocysteine with physical function has not been yet deeply explored on these patients.
In light of these premises, the main aim to this study was to explore the association between hs-CRP and homocysteine serum levels and BADLs or IADLs in a large sample of older individuals affected by LOAD, mixed dementia, or MCI, and compared them to a sample of cognitively healthy controls.
Materials and methods

Subjects
Elderly Caucasian outpatients (≥ 65 years) consecutively admitted from 2006 to date to the Memory Clinic, Department of Internal Medicine, S. Anna University Hospital, Ferrara, Italy, have been enrolled. This research protocol was carried out accordingly to the Declaration of Helsinki (World Medical Association, http://www.wma.net) and the European Guidelines for Good Clinical Practice (European Medicines Agency, http://www.ema. europa.eu). The research protocol did not modify the routine clinical/diagnostic protocols imp l e m e n t e d f o r t h e d i a g n o s i s o f c o g n i t i v e impairment/dementia in the memory clinic, nor conditioned any decision about the treatments of the enrolled individuals. All the participants (and/or their caregiver if demented) were informed about the research project and signed an informed consent.
Subjects affected by severe congestive heart failure (New York Heart Association class III-IV), severe liver or kidney disease, severe chronic obstructive pulmonary disease, and cancer were excluded. There were no evidences of acute illnesses at the time of clinical observation and blood sampling. No subject was taking NSAIDS, antibiotics, or steroids at the time of recruitment. Personal data and medical history were collected by trained personnel from eligible patients and/or caregivers. General and neuropsychological examination was carried as previously described (Cervellati et al. 2015a) . Clinical chemistry analyses were routinely performed to exclude causes of secondary cognitive impairment. These analyses included serum B-12 vitamin, serum folate, liver function tests including ammonia, kidney function tests, thyroid function tests, complete blood cell count, and arterial oxygen saturation. Trained geriatricians made the diagnosis of dementia as described elsewhere (Cervellati et al. 2015b) .
For the present study, only individuals with complete demographic, health status, and functional status information were included. The sample included: -Basic activity daily living (BADLs), assessed by considering the following six tasks: bathing, dressing, toileting, maintaining continence, feeding, and transferring (maximum score 6/6) (Katz et al. 1970 ). -Instrumental activities of daily living (IADLs), evaluated by assessing six tasks as follows: use of telephone, managing shopping, medications, finances, and use of transportation (maximum score 8/8) (Katz et al. 1970 ).
Both scales were scored as sum of items on which participants reported difficulty in performing a task, and scores on each scale were dichotomized as 0-1 (no difficulties vs 1 or more difficulties).
Assessment of serum hs-CRP and homocysteine levels Venous blood was collected from subjects upon an overnight fast, between 8.30 and 9.30 A.M., and blood was centrifuged at 3000 rpm for 10 min. The isolated serum was then aliquoted and stored at − 80°C until analysis. Determination of hs-CRP level was based on a highsensitivity enzyme-linked immunosorbent assay, using purified protein and polyclonal anti-CRP antibodies. The minimum detectable concentration was 0.03 mg/ L. The average of two measures performed on each sample was used in the analysis. Both the intra-assay and inter-assay coefficients of variation were around 5%.
High hs-CRP was defined in the presence of serum levels > 0.5 mg/dL.
Homocysteine level was determined by the Liquid Stable (LS) 2-Part Homocysteine Reagent (Axis-Shield Diagnostics Ltd., UK) using ROCHE COBAS INTEGRA 800 chemistry analyzer following the manufacturer's instructions. The concentrations of homocysteine, determined in reference to the calibration curve, were expressed in μmol/L. The intra-assay CV was 1.5%, whereas the inter-assay CV was 2.6%. Serum levels of vitamin B12 and folate were measured by routine laboratory methods.
Statistical analysis
Analysis of variance (ANOVA) with Sidak as post hoc test (for normal variables), Kruskall-Wallis with Wilcoxon-Mann-Whitney test followed by Bonferroni adjustment (non-normal variables), or chi-square test (categorical variables) was used for comparing the general characteristics of the sample. Analysis of covariance (ANCOVA) was performed to test whether the differences revealed at univariate analysis were independent of potential confounding factors. To examine the association between dichotomous IADLs or BADLs (loss of ≥ 1 activity) and hs-CRP (Log transformed to approach normal distribution) or homocysteine, univariate and multivariate logistic regression analyses were computed. Covariates included in the multi-adjusted models were as follows: age, sex (M/F), hypertension (Y/N), cardiovascular diseases (Y/N), diabetes (Y/N), stroke (Y/N), smoking habit (current/never), MMSE, hemoglobin, serum creatinine, and total cholesterol (plus vitamin B12 and folate for multivariate analysis involving homocysteine). In all analyses, alpha level of 0.05 was accepted as statistically significant.
Results Table 1 provides a summary of the socio-demographic, lifestyle, health status, and main laboratory characteristics of the study sample (n = 578). Females were prevalent in all the groups and reached the highest relative percentage in LOAD group (p < 0.01 compared to all). CONTROLS were slightly younger (p < 0.05 vs MIXED) and displayed a lower prevalence of CVD and stroke compared to the other groups (p < 0.001 vs MCI and MIXED). On the contrary, no significant difference in diabetes and hypertension frequency was found across the sample groups (p < 0.01 for all pairwise comparisons). As expected, LOAD and MIXED patients had significantly lower MMSE and greater disability, both in BADLs and IADLs, compared with CONTROLS and MCI (p < 0.01 for both pairwise comparisons). Patients with either the two types of dementia had significantly higher serum levels of hs-CRP compared to CONTROLS and MCI (p < 0.05 for both). On the contrary, only one significant difference was observed for homocysteine, with higher levels found in MIXED dementia compared to CONTROLS (p < 0.001). Of note, the differences in hs-CRP levels, but not that in homocysteine, were still significant after controlling for age, sex, smoking, and comorbidities.
Simple and multi-adjusted associations between hs-CRP or homocysteine and functional status scores were determined with each subset of the sample (Table 2 and  supplementary Table 1 ). From the analysis of the subsamples, different association between hs-CRP and the two disability measures emerged. The loss of ≥ 1 BADL was significantly and independently associated with high hs-CRP in people with dementia but not in CONTROLS and (or) MCI (Fig. 1) ; considering the two types of dementia examined in this study, the levels of hs-CRP seemed more closely associated with BADLs in LOAD than in MIXED dementia (Fig. 1) . On the contrary, IADLs difficulties were not associated with hs-CRP levels, neither in people with dementia nor in CONTROLS. The only exception in this trend was the MCI group, where the association remained significant after controlling for age and sex (p < 0.05), but disappeared after adding the other covariates to the analysis. Notably, MMSE score was negatively associated with the risk of disability in BADLs (p < 0.01) and IADLs (p < 0.001) (the higher the MMSE score, the lower the risk of disability), but was not correlated with hs-CRP levels (supplementary Table 2 ).
Homocysteine showed the same trend of hs-CRP, with higher levels of the marker associated with higher BADL or AIDL (supplementary Table 3 ). However, unlike hs-CRP, the associations between homocysteine and either of the two functional status scores were not significant, even before the adjustment for covariates (including vitamin B12 and folate). The only exception was represented by the, although barely, significant and independent relationship between homocysteine and BADL observed in MCI subsample (odds ratio, 95% confidence 1.02, 1.00-1.05). Finally, no significant association was observed between homocysteine and MMSE (data not shown).
Discussion
It is well recognized that the cognitive decline associated with dementia is a very important determinant for the development of functional disability. However, the etiology of disability in the elderly is much more complex, and involves processes of non-physical (i.e., cognitive, social, behavioral) and physical decline. A wealth of evidence points to chronic subclinical systemic inflammation as one of the organic abnormalities leading to functional impairment, and interestingly, this Blatentĉ ondition has been associated with dementia. One of the proposed mechanisms underlying the adverse effects of inflammation to functional status, and to general health, is the mutual and close connection between this # IADLs were assessed in 362/578 sample subjects (CONTROLS, n = 71; MCI, n = 135; LOAD, n = 87; MIXED, n = 69) condition and oxidative stress (Pecorelli et al. 2016) . It is well-known that homocysteine stimulates the production of reactive oxygen species (ROS), and proinflammatory cytokines, which have a well-established role in the pathogenesis of many pathological conditions, including dementia (Ganguly and Alam 2015) . Besides, hyperhomocysteinemia has been found to be related with worse physical performance in some recent large population-based studies (Kado et al. 2002; Soumaré et al. 2006; van Schoor et al. 2012) . In this light, we evaluated the possible contribution of systemic inflammation and homocysteine to BADLs/IADLs deficits in patients with dementia or MCI. The principal finding of our study was that hs-CRP levels were directly associated with disability in BADLs among demented individuals and, within this group, more closely in those affected by LOAD compared to MIXED. Noteworthy, these associations were independent of important confounders including MMSE score, demographic factors, comorbidity, and other parameters known to affect the functional status. Different data emerged from the analyses of IADLs. Indeed, loss in IADLs was significantly associated with hs-CRP levels (p < 0.01 for both unadjusted and age-sex adjusted models), but this association disappeared after multivariate adjustment.
Differently from hs-CRP, homocysteine did not show any relevant associations with the disability scores considered in the study. The apparent discrepancy with the aforementioned results might be due to evident differences in sample size, demographic, and clinical characteristics of the subjects (only cognitively normal, and in one case highly functional (Kado et al. 2002) ), and in the tests used for the assessment of functional status (which were more specifically addressed to the determination of muscle strength, balance, and coordination (van Schoor et al. 2012)) .
A number of studies previously reported significant associations between peripheral markers of inflammation (such as tumor necrosis factor, interleukin-6, CRP) and measures of physical functioning in community dwelling elderly people (Ferrucci et al. 1999; Reuben et al. 2002; Ravaglia et al. 2004; Kuo et al. 2006; Aiello et al. 2008; Haren et al. 2010) or exclusively in demented patients (Zuliani et al. 2007a ). Nevertheless, only Aiello et al. considered dementia as a factor influencing the association between CRP and BADLs/IADLs (Aiello et al. 2008 ); these authors did not assess the Bweight^of dementia (only 5% of the sample) on the risk, but simply included it in multivariate analysis (Aiello et al. 2008) . Interestingly, regardless of differences in study design and sample characteristics, the effect size reported by Aiello et al. was comparable to ours, considering the whole sample (see supplementary  Table 2 ) (our study BADLs, OR 1.98; IADLs, OR 2.16; Aiello et al.'s study: BADLs, OR 1.92; IADL, OR 1.98). Also, previous findings from our group on a smaller cohort of individuals suffering from dementia were grossly in line with the present data. Indeed, we found a significant positive association between interleukin-6, Table 2 for reference). As can be seen, in all the three models, the decline in BADL activities was significantly associated with inflammation only in the LOAD, MIXED, and All Dementia groups, with the LOAD group showing the greater association. The ODDS ratio is represented by the square in the center; the horizontal bar shows the range of ODDS ratio a well-known upstream regulator of CRP, and decline in functional status in these patients (Zuliani et al. 2007a) .
Similarly, Haren et al. by examining the relationship between CRP and functional status in a sample of late middle-aged African Americans, reported results similar to ours (BADLs, OR 2.13; IADLs, OR 2.13) (Haren et al. 2010) . Noteworthy, since they included subjects with MMSE < 16, an undefined number of people with dementia was included in their study. In contrast, effect sizes for the CRP association were larger in our cohort compared to National Health and Nutrition Examination Survey (NHANES) (BADLs, OR 1.11, IADLs, OR 1.18) (Kuo et al. 2006) . These discrepancies might depend from the difference in the selection criteria; while the NHANES sample is representative of community dwelling elderly living in the USA (Kuo et al. 2006) , our data cannot be generalized, since subjects were outpatients of an Italian hospital memory clinic. However, the data of Kuo et al. (2006) can help us to interpret our findings. From multivariate analysis, they found that muscle power and/or walking speed mediated the association between disability and elevated CRP. This effect might be even stronger in people with dementia, since cognitive impairment is closely related to decline in strength, to development of functional disability, and to the loss of independence (Njegovan et al. 2001; Auyeung et al. 2008) .
The relationship we found between BADLs and hs-CRP is clearly supportive of this hypothesis, while the lack of association with IADLs might be explained by the intrinsic differences between these two measures of functional status. By definition, IADLs consist of more complex activities (i.e., using public transportation, managing finances, shopping, etc.) compared to BADLs, which includes self-maintenance skills such as bathing or eating (Jekel et al. 2015) . As a consequence, IADLs need more composite neuropsychological processing capacity and are more directly associated with brain cognitive functions (Agüero-Torres et al. 2002) . Accordingly, it is tempting to speculate that BADLs might be more susceptible than other functional abilities to the deteriorative effect of peripheral and persistent pathophysiological conditions, such as systemic chronic inflammation. Thus, in full-blown dementia, where the impairment of cognitive functions has (by definition) already harmed the ability to perform the more complex tasks, such as IADLs, the possible additional negative effect of systemic inflammation may reveal mostly in BADLs.
An opposite trend was observed in the MCI group; in these patients, a much larger contribution of inflammation to IADLs impairment was observed, compared to that BADLs. Actually, in line with previous studies (Mariani et al. 2008; Ahn et al. 2009; Pedrosa et al. 2010; Jekel et al. 2015) , we found that some deficits in instrumental, but not in basal activities, may be present in MCI (Table 2) . Thus, patients with MCI had Bintermediate^cognitive, but also functional, performance between healthy individuals and patients with dementia. Our findings seem to suggest that in this clinical condition, the degree of cognitive deficit is not sufficiently severe to completely mask the possible contribution of systemic inflammation to the impairment of most complex functional activities (IADLs).
Interestingly, as reviewed by Jekel and colleagues (Jekel et al. 2015) , the IADL deficits are more pronounced in the MCI subjects with greater risk of conversion to LOAD. Thus, it might be reasonably hypothesized that systemic inflammation could influence the probability of conversion to dementia also through detrimental interactions with functional ability.
Finally, some important limitations of the study must be emphasized. First, the cross-sectional design precludes the ability to determine any cause-and-effect relationships between the measured variables. Second, we did not measure either other pro-inflammatory cytokines, such as interleukin-6, tumor necrosis factor, or anti-or pro-inflammatory lipids, such as leukotrienes and prostaglandins, which could provide a more exhaustive picture of the inflammatory state. However, we purposely chose to measure only hs-CRP for several reasons: (i.) high clinical and analytical accuracy, (ii.) low cost, and (iii.) it is the marker of inflammation most assessed in clinical routine, especially in geriatric patients. Third, some important potential confounders (e.g., body mass index and serum albumin) were not evaluated in this study. Fourth, we are aware that the relatively small size of subsamples may have affected the reliability of the observed associations.
In conclusion, our results suggest that low-grade systemic inflammation may contribute to the loss in functional performance in elderly patients affected by cognitive impairment, independent of possible confounding factors. In particular, systemic inflammation seems to be associated with loss of functions in IADLs in subjects with MCI, and with loss of BADLs in patient affected by dementia. A cause-effect relationship between inflammatory state and development of functional disability might be definitely ascertained by longitudinal studies.
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